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TBE EEFECT OF TWGCITIVE DIHMRAL, TIP IIWOP, AND =-TIP 

SHAPE ON TKE LOW-SPEED AEEtODYKAMIC CEARACTERISTICS 

By M. Leroy Spearman and Robert E. Becht 

An investigation  has  been  conducted in the Langley 300 MPH 7- by 
IO-foot tunnel to determine the effect  of  negative dihedral, tip droop, 
and  wing-tip  shape on tha &ar-speed aerodynamic  characteristfcs  of a 
cmplete model having a 45 sweptback wing. Longitudinal and lateral 
stability  characteristics  were  obtained  for  the mode l  with a d  -dthout 
tail surfaces. 

The  results of the  investigation  indicated  that t he  effective- 
dihedral mameter C was reduced by the w e  of either  negative 
geometric dihedral jn t h e  wing, wbg-tip droop, or by changes in the 
"tip plan f o m  and cross section. 

2Jl 

Because t h e  wing tips  were  deflected  about an axis in the wing appaxi- 
mately normal to the wing midchord I-, they a l s o  increased  the maximum 
lift  coefficient and were  effective as a lateral-control  device  when  operated 
dffferentially f r a n  an initial  positfon of zero  deflaction. 

PreVrous  investigations have shown  that undesirable stability  and 
control  ~Plaracteristics may be encountered  at  moderate and high lift 
coefficients with w l n g s  havFng large angles of  sweepback.  One of the 
more objectimble characteristics  is  that  of high values of effectim 
d i h e d r a l  in the higher lift range- 

One  method of m i n i m i z i n g  t h i s  effect  requires the use of  negative 
geometric  dihedral. It was shown in reference 1 %at  changes in 
geometric d3hedral angles from Oo to -loo resulted in reductions In the , 

effective  dihedral  throughout the lift  range. The results  of  the 
investigation  reported Fn reference 2 indicated  that the effective 



dihedral as w e l l  as .the rate of change  of effective dihedral with l i f t  
coefficient could be reduced by drooping the  t ips of a meptback wing. 

The actual shape of t h e  w i n g  t i p s  might be considered as another 
influencing  factor Inasmuch as changes in  the t i p  shape affect  the span 
load  distribution 

The present  Fnvestigation w88 undertaken in   o rder , to  determine t o  
w h a t  extent independent changes of w i n g  gecrmetric dfhedral, wingt ip  
droop, and changes Fn --tip shape woulg affect  the aerodynamic charac- 
t e r i s t i c s  of a comglete model having a 45 mptback  wing. 

Another problem arising frcan the use of large angles of sweepback 
is ,that of labral control. Among the lateral-control devices proposed 
fo r  high-speed airplanes having sweptback w h g a  m e  wing-tip  ailerons 
hinged  about an axie n o m  t o  the leading edge so that the ailerons, 
when deflected, are approYl t e ly  normal to the spanwise flow on t h e  wing. 
Inamuch 88 the  tips  herefn  discussed were drooped about an axis  normal 
t o  the 0.487 chord line, it appeared desirable t o  investigate  their 
u t i l i t y  as a lateral-control  device. Accordingly, 8~111114 tests were =de 
through the l i f t -coeff ic ient  range with the right w i n g  t ip  deflected 
while the l e f t  wing t i p  wa8 held a t  zero deflection. 

The resul ts  of the  tests are presented  as standard HACA coefficients 
of forces and m&nts. All forces and mransnts are presented for the 
s tab i l i ty  ax68 shown in  figure 1 with the reference C e n t e r  of pvity at 
the 25 percent mean aerodynamic chord as  s h m  in figure 2 

The coefficients and synibole m e  defined &B follows: 

lift coefficient  (Lift/@ where llft = -2) 

roning-mmnt  coefficient (L/qSb) 

pitching-mcanent coefficient (M/qSE) 

, 

force along Z-axis, pounde 

force along X-axis, pounds 
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force along Y-axis, pounds 

rolling moment about X-axis, pound-feet 

pitching momsnt about Y - a x b ,  pound-feet 

yawing n n t  about Z-axis, pound-feet 

free-stream e m ~ c  pressure, pomb per square foot ( p 3 / 2 )  

area, square f ee t  

span, f ee t  

mean aerodynamic chord (M .A.C . ) , f e e t  

a i r fo i l   sec t ion  chord, feet 

mass density of air, slugs per cubic foot 

air   veloci ty ,   feet  per second. 

distance along wing span, feet 

aspect r a t t o  (b2/s) 

center of gravi- 

angle of attack of fuselage center  line, degrees 

angle of yaw, degrees 

#e of s tab i l izer  with respect t o  fuselage center line, 
degrees 

geametric dihedral. angle, degrees 

t i p  deflection angle, degrees 

effective d i h e d r a l  parameter, rate of c m e  of m l l i n g - m n t  

coefficient with angle of yaw, per d e p e  

directional-atabil i ty parameter, ra te  of change of yawing- 

mament coefficient  with angle of yaw, per degree (3) 



%* lateral-force  parameter,  rate  of  change of lateral-force  coeffi- 

cient w i t h  angle of yaw, per degree 

cz% 
rate of change of rolling-mament  coefficient with tip 

deflection angle, per  degree (2) 
Sdscripts : 

W wing 

T tip 

R right 

L left 

A three-view drawing of the model is presented in figure 2 and the 
geometric  characteristics of t h e  model are given in table I. The model 
mounted  for  testing in the Langley 300 MPH 7- by 10-foot  tunnel f a  
shown  in figure 3 -  

The model was designed so that the Xing could be set  at  geometric 
dihedral  angles of 0' or -10'. (See fig. 2 D )  

The model  with  the  wing ham Oo geametric dihedral was also tested 
with the t i p  portion of the win@; ( 5  percent of m e  wing panel area) deflected 
about an axis in the dng normal to 0- 487~ line 88 sham in figure 4. 
The  ground  clearance  wa6  the same with 4 5 O  tip droop as with -loo ge-eic 
dihedral .  To determine the r o l l h g  effectivema6 of the drooped  tip  a8 
an aileron, sane tests were made w i t h  d y  t he  right  tip  deflected. 
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. The model was also tested with Wferent t i g  shapes on the wing 
with 0' geamstrfc w e -  by u t i l i z ing   f i ve  In.terchangeable paws of 
wfng tips so d e s i s e d  that the wing aapect  ratio remined nearly constant 
f o r  each t i p .  The var iow wing plan folms are sham In figure 5. A l l  
of the t i p s  were f a i r e d   s e ~ ~ I c i r c u l a r  with the exception of t i p  la' which 
uae geamstrfcallg the same 88 t i p  1 but was unfaired. 

Test Colldition 

All tests were made at a Qmmlc pressure of 30  pound^ per square 
foo t .  The test Reynolds rimer based on a mean aerodynamic chord of 
17.57 inches f o r  the basic model was 1,483,OOO and *e t e s t  Mach nmiber 
was 0.14. The turbulence  ,factor f o r  the tunnel is not known but is 
believed t o  be approrPrmately I because of the high turmel con-&action 
r a t i o  (14:l) . 

T e s t  Procedure 

lhcluded In the investigation were sane tests made t o  determine 
the ef fec t  of the tail unit on the aerodynamic characterist ics For 
these t ea t s  the aft portion of t h e  fuselage, including the ver t ica l  and 
horizontal tails, was  removed and replaced by a dunrmy Fuselage without 
tail surfaces.  For the  ccmplete model, pitch teste  =re . m a d e  w i t h  two 
etabi l izer   set t ings and xtth the tail off In thie case only the hori- 
z o n t a l  tail was removed. 

ghe pitch tests were made through an angle-of-attack range from -4' 
to 20 The l a te ra l - s t8b i l i ty  pagametemowere determhed Tram pitch 
t e s t s  made w i t h  the model yawed 5 and -5 

Corrections 

Tare corrections were canaidered  negligible and were not  applied. 
Jet-boundary corrections were computed by the methode of reference 3 .  
The correction fom- given in reference 3 m e  f o r  straight w i n g s ,  
but an unpublished analysis Indicates  that l i t t l e  error is Incurred 
w h e n  the same corrections are applfed t o  swept dngs up t o  45O sweep. 
Corrections w e r e  applied 88 follows : 

a = cplr + 0.845% 
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c, = (2% - o.ol2gcL, 2 

where the subscript M denotes measured values. 

All forces and maante were corrected f o r  blocking by the method 
given in reference 4. increment in longitudinal-force  coefficient 
has been applied t o  account f o r  the horizontal buoyancy occasioned by 
the  longitudinal  pressure  gradient in the tunnel. 

A table of figures  presenting the results follows: 

Basic experimental data: %.= 
Aerodynamic characteristics in pitch . . . . . . . . . . . .  6 t o  12 
Lateral-stability paramstere . . . . . . . . . . . . . .  1 3  "0 17 

IEfect of -2.0' gemetric  dihedral . . . . . . . . . . . . . . .  18 

Comparison of negative dihedral and t i p  droop . . . . . . . . .  20 
Effect of t i p  shape . . . . . . . . . . . . . . . . . . . . . . .  2 1  

Comparison figures : 

Erfect of t i p  droop . . . . . . . . . . . . . . . . . . . . . .  19 

L i f t  and Drag Characteristics 

mfect  of neRative Recanstric d f i e m . -  The use of -10' geaanetric 
dihedral in the w i n g  reeulted  in a s l igh t  decrease in the lift-curve 
slope CL from tha t  of the basic model (figs. 6 and 7(a)) in accordance 
with the beoretical   relationship (from reference 1) 

The ~llaximum lift coefficient w8s lees f o r  the model w i t h  negative 
dihedral  since the lift coefficients wem based on the original w i n g  
area and not the projected wing area which decreases with dihedral. 
The ang le  of attack  for mEudmum l i f t ,  however, was higher for  the model 
w i t h  negative  dihedral than for  the basic model because the angle of 
attack meaaured in  a plane normal t o  the wing surface  determines the 
stall and th is  angle decreases with dihedral. Similar effects were 
obtained from the investigation  reported in reference 1. 

Negative geometric dihedral produced little effect  on the drag a t  
low l i f t  coefficients. A t  the higher l i f t  coefficientrs, however, the 
drag was higher fo r  the model with -10' dfhedral than f o r  the basic 
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model, since a t  the same l i f t  coefficient the model w i t h  -10' dihedral 
had the  higher  angle of attack. 

m f e c t  of t i p  droo~.- ~ r o o p ~ n g   t h e  wing t i p s  45' resulted in no 
change in Qar but  did  effect  a change in the angle of zero l i f t  ,and 
produced an increase of about 0.15 in the ?naxjmm lift coefficient in 
the manner characterist ic of a trailFng-edge  flap  (figs. 6 and 8(a),) 
The ef fec t  would be anticipated inasmuch as the t ip s  are deflected  about 
an axis approximately normal to the wing midchord l i ne  and thus a c t  
par t ia l ly  as a trailing-edge  flap. 

Drooping the - w i n g  tips a l s o  resul ted  in  an increase in drag coeffi- 
cient,  but  the sinking speed at maximum lift was the same as for   the 
basic model. 

Eefect of t i p  shape.- Variation of the  wfng-tip shape had no notice- 
able  effect  on C b  the maximum l i f t ,  or  the drag (figs. 6 and 9) . 

Pitching-Moment Characteristics 

The variation of the pitching-momsnt coefficient  with l i f t  coeffi- 
cient f o r  the basic model (fig.  6) exhibited an extramely  unstable  trend 
near  the stall. An Inspection of the  correlation curve in reference 5 
indicates that t h i s  might be expected because  of the cmibination of 
aspect  ratio and  sweep angle  Fncorporated on t h e  model. Other investiga- 
tions have been  concerned with the   re l ief  of this  unstable  trend through 
the use of various  devices  such 88 nose f laps  and slots and stall-control 
vanes. It was . felt ,  however, that the unstable moment curve would not 
appreciably  affect the principal  results  obtahed through the  me of 
negative  dihedral, t i p  droop, or the various tip-shape  modificatiam. 

Effect of nemtive geometric dihedral.- m e  w e  of  -10' geometric 
dihedral in the wing had no beneficial   effect  on the unstable variatim 
of the pitching-moment curve neaz the s t a l l  or  on the slope % in 

the l o w - l i f t  range (figs.  6 and 7(a) ) 

Wfect of t i p  dr002.- No beneficial   effect  on t h e  pitching-mamant 
characteristics a t  the stall occurred as a r e su l t  of drooping the w i n g  
t i p s  450. 

The drooped t i p s  had no effect  on C&, but  did produce a change L 
in the  pitching m m e n t  at zero lift (figs.  6 and 8(a)) since  the  t ips 
were deflected at an angle t o  the re lat ive wtnd in a m e r  that 
effectively produced camber a t  the wing tips similar t o  that which  would 
resu l t  fram trailing-edge-flap  deflection. 

ETfect of t i p  shape.- The variations in  wing-tip shape did  not 
improve the unstable  pitching-mmnt  characteristics near the stall. 
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Some vsriatian In the slope CmcL appeared for  the Xing6 with 

different   t ips   ( f ig  . 9) but the diff erences are a resu l t  of -&e s h i f t  in 
the qwrter chord of the man aerodpxmlc chord that accampaniee t i p  
changes s h c e  a l l  the pitching mamsnts were.referred t o  the quart;er chord 
of the mean aerodynamic chord of the wing with parallel t ips   ( t ips  1 and l a )  

EPf ec t ive Dihedral 

H f e c t  of nenative R e m e t r i c  dihedral.- ~n angle of -loo of gecnnetric 
dihedral w a ~  selected  since the investigati& of reference 1 indicated 
this t o  be  about the angle feasible. For negative dihedral angles 
in  excess of loo the angle of attack of the leading wing panel in yaw I s  
so decreased that the trailing wing s t a l l s  first, result ing In a rapid 
increase in  effective  dihedral. 

In the low and moderate l i f t -coeff ic ient  range the w e  of  -10' geo- 
metric  dihedral i n  tzle wing resulted in an average  decrease in t h e  
effective-dihedral parameter C of about 0.0014 from the value f o r  the 
model with zero dihedral for both the tail-an and tail-off conditions. 
(See fig . 18. ) This corresponde ta a wlue of C of about 0.00014 ae 

cmpared t o  0.00021 cagmponly obtained f o r  unswept wings (reference 6) , or 
the swept-wing value  obtained waa about 65 percent of the wwept-wing 
value An Investigation of a 40° sweptback wing (reference I) indicated 
an average value of C 2  of 0.00016 or about 75 percent of the -wept- 

w i n g  value. 

iLs 

Fr 

'b 

For the model with tail on there WBB l i t t l e  difference between the 
m&xinum value of Czq for the basic model and the d e l  with -10' geometric 

for the basic model 
although t h e  maximum value  occurred a t  a lower lift coefficient 

EPfect of t i p  droop.- For the model with the tail unit removed, 
drooping the wing t i p s  45' resulted in a 35-percent mream in the 
slope C2 

*CL 
as w e l l  as  an average decrease in equivalent t o  about 

c% 
-14O gecanetric dihedral.. (See fige.  19 and 20.) With .t;he tail on the 
drooped t i p s  reduced CZ.Q. about the same amount a t  CL = 0 a8 for the 

tail-off  condition  but did not reduce the slope C z  and only a s l igh t  

reduction in maxhmm was obtained ( f ig  19) . The cause of this 

behavior is 'believed to  be associated uith a change in the contributian Of 
the vert ical  tail t o  C resulting f r a n  sidewaeh changes a t  the vertical  

t a i l  Induced by the altered  t ip  vortex p a * r n *  

*% 
c% 

4- 

. 
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. Effect of t i p  ahape .- The p a p a e l  t i p  was tested both w i t h  a square- 
c u t   t i p   ( t i p  la) and a faired t i p  of revolution  (tip 1). (See f ig .  5.) The 
f a i r e d   t i p  appeared superior  to the square-cut t i p  because of the reduction 
in the maAmum value of C2 equivalent to about -bo geometric dihe-1 

(fig.  21) Consequently, all the other ti9 shapes tested ware faired . * 
Variationa d e  in the wing-tip shape -le m~intalnlng a constant 

aspect ra%io produced slight changes in the slope C and in  the. 

maximm value of C ( f ig  . 21) A l l  of the (2, 3, and 4) % 
produced larger rolling " t s  w i t h  yaw than e i ther  the parallel o r  
c i r cu la r   t i p  (1 and 5) m e  decrease in c occurred 

between . t i p s  3 and 5 and amounted t o  about a 30-percent  reduction. The 
maximum reduct im in C2 occurred between t i p s  3 and 5 and was equiva- 

lent. t o  about -8 -5O of  gecenetric dihedral.  The c i r cu la r   t i p  appeared 
only sl ight ly   bet ter  than the fa i red  parallel t i p  

2*CL 

dr 

Directional and Lateral-Force  Characteristics 

Eefect of nemtive  Remetric dihedral.- The me of -10' geometric 
dihedral in the wing resulted in slight increases in  the lateral-force 
parameter C, and slightly  increased  the  directional  stabil i ty C 

(figs.. 13 and 14(a) ) . Similar results were shown in reference 1. 
4f 9 

E f e c t  of t i p  &WE.- Drooping the w i n g  t i p s  4 5 O  caused a s l igh t  
increase in Cy but the directianal s tab i l i ty  C was decreased 

(figs 13 and l5(a) ) . It is apparent that the forces 'a the receding 
t i p  in yaw are great enough to cauae a tendency toxarcl increasing the 
yaw angle. 

Ik n-# 

Effect of t i p  shape .- Changes in the wing- t i p  shape resulted in  
s l igh t  and Fnconsistent  variations in C, and C (figs.  13 and 16) '0 JI n* 

Aileron  Effectivenss of Drooped Tip 

Deflecting the t i p  appeared to be an adequate means of maintaining 
la teral   control .  In the low-lif t range the r o l w  effectiveness 
result ing from the right-tip  deflection was about O.OOO8 (figs.  ll 

and 12). This value of c is low relat ive t o  that considered 

desirable f o r  airplanes havlng unswept wings but is about equal to that 
obtained from testa  of sinllar swept-wing models equipped w i t h  conventimal 

cz% 

% 
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The  yawing moment  accampanying the t ip   def lect ion appeared t o  be no 
more severe than that observed on similar models having  conventional 
a i le rms   for   def lec t tom up t o  ZOO. 

In the  landing  condition, however, if both t ips   a re  given an i n i t i a l  
downward deflection  for  the purpose of reducing Cq, and then  deflected 
different ia l ly  a8 ailerons, the l a t e r a l  con-h.01 thw provided  might 
become undeeirable  since past experience has shown tha t  such controls 
m y  came  high  adverse yaw. 

The results of  low-speed tests made to  determine the  effects of 
negative geaanetric dihedral, t i p  droop, and t i p  shape on the aerodynamic 
characteristics of a complete model having a 45' sweptback wing are  
summarized as follows: 

1. The me of -10' geome.tric dihedral resulted ~n a reauctton in 
the average  value  of the  effective-dihedral parameter c2* through the 
low  and moderate l i f t -coeff ic ient  range that was about 65 percent as 
great as that mually obtained,  for unswept wbge.  

2.  roop ping the dng t i p s  45O (maintain- the same ground clearance 
a s   t ha t  with -loo geometric dihedral) resulted in a decrease In the 
average value of Czq through the low and moderate l i f t -coeff ic ient  
range  equivalent t o  about -14O g e m t r i c  dihedral and also caused an 
increase in the maximum lift coefficient of 0.15. 

3 Changes in the wing- t i p  plan form indicated that czv m8 lowest 
for   the  paral le l  and circular   t ips  and highest f o r  the  t ips  skewed either 
in or out. 

4. By changing a square-cut t i p  t o  a f a i r e d   t i p  of revolukion,  the 
maxhuum value of Cz for the model with paral le l  tips was reduced by 
an amount equivalent  to  about -4' geometric dihedral 

dr 

5 .  Deflecting the wing t i p  (from  zero) resulted in rol l ing and 
yawing maments  about the same a8 that produced by a conventional 
aileron on a similar sweptback-wing  model. 

Langley Aeronautical  Laboratory 
National Advisorg Comlttee for Aeronautics 

Langley Field, Va. 
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TABLE I 

G E 0 " R I C  CHARACTERISTICS OF BASIC MIDEL 

W i n g :  
Area. sq ft  . . . . . . . . . .  
Aspect r a t i o  . . . . . . . . . .  
Sweepback of q u a r t e r -  chord line. 
Taperrat io  a 

Incidence. deg . . . . 
Root chord. f t  . . . . . . . . .  
Tip chord. f t  . . . . . . . . .  
Airfoil section . . . . . . 

Span. ft . . . . . . . . . . .  

M.A.C., ft . . . 

. . . . . . . . . . . .  . . . . . . . . . . . . .  . . . . . . . . . . . .  
deg . . . . . . . . . .  . . . . . . . . . . . .  . . . . . . . . . . . .  . . . . . . . . . . . .  . . . . . . . . . . . .  . . . . . . . . . . . .  . . . . . . . . . . . .  

8.323 . . .  5.870 . 4.14 . . .  45 . . .  0.412 . . .  0 . . .  1.464 . . 0 2.007 . 0.828 
NACA 63-uc 

Hor izmta l  tail: 
Area. s q f t  . . . . . . . . . . . . . . . . . . . . . . . . .  1.625 
.span. ft . . . . . . . . . . . . . . . . . . . . . . . . . .  2.85 
ABpectratio . . . . . . . . . . . . . . . . . . . . . . . . .  5 
A i r f o i l  eection . . . . . . . . . . . . . . . . . . . .  MACA 65-008 

Vertical tail : 
Area (not  including dorsal). . q f t  . . . . . . . . . . . . . .  1.600 
A i r f o i l  section . . . . . . . . . . . . . . . . . . . .  NACA 65-008 

_? -9- 
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Figure 3.  - Basic model mounted In Langley 300 MPH 7- by lO-foot tunnel. 
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Figure 5 .- Dsfai ls  o f  wing plan forms w i f h  various Sips. 
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(a) Comple fe model. 
figure 7. - The aerodynamic characteristics in pitch. 
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Figure 3.- Con f inue d .  
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Figure 11 .- Concluded 
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Figure 12. - Concluded. 
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Figure /6 .- Continued. 
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Figure J6 .- Concluded. 
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Figurs 18.- Ths sf fscf  of-lO>eomefric dihedral on tho gffecfivs- 
dihedral parameter. l i p  1 .  
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Figure 19.- Ths effecf of fip drap on ths effecfive-dibsdra/param~fsr: 
np I .  
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